Purpose: To investigate whether a home-based resistance training (RT) program that supplied high-quality equipment and qualified exercise specialists could provide benefits to obese patients with type 2 diabetes. Methods: A total of 48 obese individuals with type 2 diabetes were randomly assigned to either an RT (n ¼ 27) or a control group (n ¼ 21). Those in the RT group received a multigym and dumbbells and performed RT 3 days per week for 16 weeks at home. A qualified exercise specialist supervised training, with supervision being gradually decreased throughout the study. Primary outcome measures included strength and hemoglobin-A1C, whereas secondary outcome measures included other cardiovascular risk markers, key social-cognitive constructs and health-related quality of life. Results: Intention-to-treat analyses indicated a significant increase in upper and lower body strength for the RT group compared with controls (20-37% mean increases in the RT group). No significant reduction in A1C levels was observed. The RT group had unchanged high-density lipoprotein cholesterol levels in comparison to declines in the control group. Significant reductions in fasting insulin, and increases in RT-related self-efficacy and intentions, were also observed in the RT group. Conclusions: Supervised home-based RT with high-quality equipment was effective for improving strength, along with other secondary outcomes in obese patients with type 2 diabetes.
Introduction
It is well recognized that resistance training (RT) is useful in the management of type 2 diabetes. [1] [2] [3] Similar to aerobic exercise, 4 RT improves glucose control and insulin sensitivity, which reduces plasma insulin levels and increases glucose uptake and storage. [1] [2] [3] Further, RT has the potential for increasing muscle strength, lean muscle mass and bone mineral density, which could enhance functional status and glycemic control and assist in the prevention of sarcopenia and osteoporosis. 1 However, despite the known benefits of RT, few individuals with diabetes incorporate this behavior as part of their diabetes management plan. 5 More than 80% of individuals with type 2 diabetes are overweight or obese. 6 It has been shown through the well-validated, Obesity-related Psychosocial problems scale 7 that many obese individuals are bothered by their appearance, and this leads to reduced participation in gatherings and community activities. A distinct dose-response effect between weight reduction and improvements on the Obesity-related Psychosocial problems scale has also been shown. 7 Likewise, obese individuals may also lack the confidence to attend community facilities and programs.
Other barriers this population may face include limited physical mobility and poor weather conditions, restricting their ability to travel to exercise facilities. A populationbased study in Canada revealed that only 12% of those with type 2 diabetes report performing RT activities. 8 Innovative approaches are therefore needed to encourage these individuals with type 2 diabetes to perform exercise. Home-based exercise programs could address above-mentioned issues that obese adults with type 2 diabetes are facing, and offer the additional benefits of being convenient, accessible and private as compared to fitness facilities. 9 Further, this type of instruction could enhance social-cognitive and behavioral outcomes of performing RT, which may result in individuals continuing this behavior in community or clinical-based fitness facilities.
To the best of our knowledge, only two studies have examined the effectiveness of performing RT with the type 2 diabetes population in a home-based setting, 10, 11 and both used home-/community-based RT to try and maintain improvements in glycemic control after an initial laboratory-supervised RT program. In both studies, home-based training was ineffective for maintaining the improvements in glycemic control and insulin sensitivity observed with the more rigorous laboratory-based program. The lack of success in these initial studies can likely be explained by the reduced intensity and volume of RT associated with using inferior exercise equipment (that is, dumbbells and/or ankle weights) at home compared with the equipment used in the laboratory setting. Furthermore, reduced levels of exercise supervision with the home-based training may have also contributed to these previous findings. We undertook this study to determine whether a completely home-based progressive RT program with higher-quality equipment and periodic on-site expert supervision would improve muscular strength and glycemic control with a progressive RT program entirely in the home of the individual. We hypothesized that home-based RT would result in improvements in strength and glycemic control, and would have beneficial effects on cardiovascular risk factors and social-cognitive variables in obese patients with type 2 diabetes. We also examined changes in health-related quality of life (HRQOL) considering several studies have shown a positive association between HRQL and physical activity (aerobic) of adults with type 2 diabetes, 12,13 along with a recent study showing the improvement of HRQL after RT in cancer patients. 14 
Subjects and methods

Subjects and screening procedures
Sedentary, obese individuals (body mass index (BMI)X 30 kg m À2 ) with physician-diagnosed type 2 diabetes were recruited from diabetes clinics at the University of Alberta Hospital, Edmonton, Canada as well as from the local community. Patients were excluded if they had a BMIo30 kg m
À2
; uncontrolled blood pressure (4160/ 90 mm Hg); known, unstable cardiovascular disease; severe osteoporosis and/or musculoskeletal limitations to RT. Individuals performing RT in the past 6 months were also excluded. There was no minimum or maximum A1C for study entry. Patients' hypoglycemic, antihypertensive and lipid-altering medication use was monitored throughout the trial. All patients signed an informed consent that had received institutional ethics review board approval.
Experimental design
The study was a prospective, two-armed, randomized controlled trial. Following physician screening, and completion of baseline testing, eligible individuals were randomly assigned to either the RT group (n ¼ 27) or a non-training control group (n ¼ 21). Patients in the RT group performed RT 3 times per week for 16 weeks. All testing procedures were repeated following the 16-week intervention. Study testers were masked to participants' group allocation.
Owing to the limited number of multigym apparatuses available (n ¼ 14), the study was performed in two phases (phase 1, 28 patients and phase 2, 20 patients). In phase 1, randomization was performed on a 1:1 basis whereas in phase 2, more patients were randomized to the RT group (B2 RT: 1 control) to optimize the equipment available. Randomization was performed in blocks over two waves using a computer-generated sequence with group assignment being placed into opaque, sealed envelopes that were opened by an individual unaware of the study rationale.
Individuals randomized to the RT group were provided with a multigym apparatus (Parabody CM3 Cable Motion Gym; Life-Fitness, Schiller Park, IL, USA), and dumbbells. The weights of dumbbells provided were determined by participant's baseline strength test scores. The weight of dumbbells increased as participants' strength progressed throughout the 16-week program. A qualified exercise specialist ensured that all exercises were being performed safely and within the prescribed intensity range. In the first 2 weeks, the exercise specialist supervised all three sessions. This was reduced to two times per week in weeks 3-4, once per week in weeks 5-8 and in the last 8 weeks the supervised sessions occurred only once biweekly. In total, the exercise specialist supervised 18 of 48 sessions.
Primary and secondary end points
The primary outcomes of the study were the change in muscle strength, and glycemic control (measured by A1C). Secondary outcomes were the change in lipid profile, C-reactive protein, body composition, social cognitions (that is, self-efficacy and intention) to perform RT and HRQOL.
Exercise intervention
Participants in the RT group performed a structured exercise program on 3 nonconsecutive days per week. Eight exercises were performed per session, of which, four were core exercises (that is, squats, seated row, chest press and shoulder press) and four were complementary assistance exercises (that is, lunges, lateral pull-down, standing triceps extension, standing pulley abdominal twists, biceps curl, triceps Home-based resistance training RC Plotnikoff et al press, reverse rhomboid flies, lateral pulley deltoid raise and pulley abdominal curls). The core exercises were performed throughout the 16-week program. However, the assistance exercises were changed half way through the study to increase variety and to vary the training stress. One repetition maximum (1RM) testing was performed at the start of weeks 2 and 10 to allow exercise intensity to be accurately prescribed and to ensure that the program was progressive. Week 1 of the program was an introductory week so that patients could learn and practice each exercise while being supervised by the exercise specialist. During this week, patients performed two sets of 10-12 repetitions at 50-60% of 1RM. During week 2, three sets of exercises were performed and subjects were encouraged to rest between sets for 90-120 s. In weeks 3-8, exercise intensity was progressively increased with the aim of achieving 70-80% 1RM in weeks 5 through 8. Week 9 was considered a recovery week and while intensity was maintained at 70% of 1RM, only two sets of 8-10 repetitions were performed. After 1RM retesting at the start of week 10, patients performed three sets of 8-10 repetitions at 70-85% of 1RM with 60-90 s rest throughout weeks 10-15. Week 16 was another recovery week where subjects performed two sets of 8-10 repetitions at 80% of 1RM. Training logs were kept by all patients in the RT group. When visiting the homes, exercise specialists checked and ensured the completion of the logs.
Testing protocols Muscular strength. After being familiarized with correct lifting technique, the participants performed 1RM tests using standardized protocols. 15 Three strength tests were performed on standardized commercial weight machine (Apex Fitness Equipment, Saanichton, British Columbia, Canada), which consisted of a seated chest press and seated row to test upper body strength and a leg press to test lower body strength.
Blood collection and analysis. After an overnight fast, venous blood samples were taken to measure insulin (pmol l
À1
), glucose (mmol l À1 ), total cholesterol, low-density lipoproteins (LDL) and high-density lipoproteins (HDL) (mmol l À1 ), and triglyceride (mmol l À1 ) levels. All measurements were performed using common laboratory procedures. 16 Plasma lipids, glucose and high-sensitivity C-reactive protein (mg l
) were determined on a Synchron LX20 analyzer (Beckman Coulter Inc., Fullerton, CA, USA). Plasma insulin was measured using a Roche Diagnostics Elecsys 2010 system (Roche Diagnostics, Indianapolis, IN, USA) using the sandwich principle. Glucose was measured using an oxygen rate method with a Beckman Oxygen electrode (Beckman Coulter). A1C was analyzed by highperformance liquid chromatography.
Body composition, BMI and waist circumference. Measurements of lean tissue mass and total and regional and body fat were performed by dual energy X-ray absorptiometry by a certified medical X-ray technologist (General Electric LUNAR Prodigy; General Electric Medical Systems, Milwaukee, WI, USA). Quality control tests to monitor the reproducibility and stability of body composition data were performed before each testing day. Owing to safety regulations associated with the dual energy X-ray absorptiometry table, we could only perform assessments with individuals o136.4 kg (300 lbs). Patients 4136.4 kg were included in the study but were not assessed for body composition changes; two individuals in the control group and one individual in the RT group were more than this weight limit. Height and weight were measured to calculate BMI (kg m À2 ).
Waist circumferences were measured at the end of a normal expiration, at the mid-point between the lower costal margin and iliac crest.
Social-cognitive variables. Validated instruments 17, 18 assessing social-cognitions for aerobic-related activity were modified to measure RT self-efficacy and intention. Task selfefficacy (three items; a ¼ 0.95) was measured (on scales of 0-100%), regarding one's confidence to weight train (1) once a week and, (2) three times a week. Scheduling self-efficacy (three items; a ¼ 0.91) was evaluated (on scales of 0-100%) assessing confidence in overcoming obstacles preventing regular weight training sessions. Barrier self-efficacy (13 items; a ¼ 0.97) was measured using a five-point scale (1 ¼ not at all confident, 5 ¼ extremely confident) to assess confidence in weight training three times per week under various circumstances (for example, 'when a little tired,' 'when in a bad mood or feeling depressed,' 'when having to do it alone,' 'when it becomes boring,' 'when there is no noticeable improvement in fitness,' 'when there are other demands on time,' 'when feeling a little stiff or sore'). Behavioral intention (two dimensions) was assessed using the following items. Participants were asked (on a scale of 0-100%), (1) if they have plans to weight train if something should keep them from weight training and, (2) if they plan to weight train in challenging situations.
Health-related quality of life. Health-related quality of life was assessed using the SF-12 Physical and Mental scales. 19 
Statistical analysis
An intention-to-treat approach with baseline values carried forward for any patient lost to follow-up was used for all analyses. Differences between groups were compared using analysis of covariance (ANCOVA) where the post-test means of the treatment group and the control group were compared (using the pre-test scores as the covariate). Effect sizes were examined for social-cognitive variables to determine the magnitude of the intervention effect and were interpreted by Cohen's guidelines for Z 2 values. 20 w was assessed at baseline and at 16 weeks: insulin, metformin, sulfonylureas, thiazolidinediones, a-glucosidase inhibitors, ACE inhibitors, angiotensin receptor blockers, diuretics, b-blockers, calcium channel blockers, statins, fibrates, cholesterol absorption inhibitors and ASA). Logistic regression analyses examined if the intake of each medication at 16 weeks was different in the intervention and control groups when controlling for baseline intake.
A per-protocol analysis (sensitivity analysis) was also carried out using only those individuals who completed at least two-thirds of the sessions (32 or more of the possible 48 sessions (n ¼ 17)). Further, ANCOVAs were conducted to examine if individuals in the intervention group who completed at least two-thirds of the sessions (n ¼ 17) differed from those who did not complete this criterion in relation to the social-cognitive variables examined in this study. The statistical program SPSS 15 (SPSS Inc., Chicago, IL, USA) was used for all analyses.
Our sample size calculations were based on power to detect changes in strength and A1C of the same magnitude as observed in the facility-based, resistance exercise trial by Castaneda. 21 This trial was chosen as the benchmark because it was of the same 16-week duration as our own trial, and was the largest reported resistance exercise trial in type 2 diabetes at the time. We calculated standard deviations for the Castaneda study by multiplying the reported standard errors by the square root of 31 (the sample size per group). Our study's sample size of 27 in the intervention group and 21 in the control group would have 81% power to detect a 33% relative increase in strength (assuming s.d. of 39%), and 96.8% power to detect a 12.6% relative decrease in A1C (assuming s.d. of 11.1%), with a of 0.05 for each comparison. Statistical power to detect smaller but still clinically significant differences would be correspondingly lower.
Results
Participant flow through the study is depicted in Figure 1 . Patients were enrolled between January and July 2005. The RT group consisted of 19 women and 8 men, whereas the control group comprised 13 women and 8 men. Baseline demographic and medical characteristics of the study participants are reported in Table 1 ; no statistically significant differences were observed between the groups at baseline for any study variables (including medication use). There were also no statistically significant changes in medication use between the two groups during the course of the study. Physical activity levels also remained constant for the control group over the course of the study (pre-vs post-test scores were not significant; P ¼ 0.41) as assessed by the validated Godin Leisure-Time Questionnaire. 22 Mean (s.d.) adherence to the RT program was 71±22% (the median adherence was 78.1%), with 63% of the intervention group performing at least two-thirds (67%) of the sessions. During the 4-month period, no serious adverse events related to RT were observed. Eight patients in the RT group reported musculoskeletal injuries of the knee (n ¼ 3), shoulder (n ¼ 3), back (n ¼ 1) and backside (n ¼ 1) that impaired their ability to perform some of the RT exercises.
Primary outcomes
In comparison to the control group, the RT group significantly improved on all measures of upper and lower body strength after the 16-week intervention (see Table 2 ). At 16 weeks, the adjusted difference (adjusted for baseline values) between intervention and control groups for bench press was 9.3 kg (95% CI 3.7, 15.0, P ¼ 0.002), leg press was 41.0 kg (95% CI 15.1, 67.0, P ¼ 0.003) and upright row was 12.4 kg (95% CI 7.3, 17.5, Po0.001). The increases for the RT group for these outcomes were 20, 37 and 25%, respectively. There was no significant change in A1C levels between the two groups ( Table 2) .
Secondary outcomes
At 16 weeks, the baseline-adjusted difference between intervention and control groups for fasting insulin was À33.5 pmol l À1 (95% CI À61.0, À5.1, P ¼ 0.022); a 6.4%
decrease from baseline for the intervention group (see Table 2 ). The adjusted difference between intervention and control groups for HDL cholesterol was 0.1 mmol l À1 (95% CI 0.0, 0.2, P ¼ 0.049). No significant differences between the two groups were observed for the other secondary variables assessed.
As to the social-cognitive variables, RT intention items significantly increased in the RT group compared with the control group (F ¼ 6.2; P ¼ 0.02, Z 2 ¼ 0.12 and F ¼ 8.2; P ¼ 0.01, Z 2 ¼ 0.16 for the two intention items), with moderate to large effect sizes. 20 In terms of schedule selfefficacy, the 16-week scores were higher in the intervention group versus control (F ¼ 5.5; P ¼ 0.02, Z 2 ¼ 0.11). Task and barrier self-efficacy, and HRQOL composite scale scores did not change significantly between the two groups. The per-protocol results for most of the primary and secondary outcomes findings were comparable to the intention-to-treat results. However, the per-protocol analyses revealed that task self-efficacy and barrier self-efficacy significantly increased in the RT group (F ¼ 6.9; P ¼ 0. There were no significant differences between the two groups on the HRQOL Mental and Physical composite scales.
Discussion
This is the first study to investigate whether home-based RT with high-quality multigym apparatus and in-home supervision from a trained exercise specialist can improve strength and metabolic control in obese patients with type 2 diabetes. It also appears to be the first trial to examine the effects of RT (regardless of setting) specifically targeting obese adults with type 2 diabetes, and the first to measure social-cognitive variables associated with RT and HRQOL in the type 2 diabetes population.
A number of previous studies 2, 11, 21 have reported the benefits of RT for this population but the majority of these trials have been performed in a supervised laboratory or gymnasium setting. Of the two previous studies 10, 11 that have investigated the benefits of home-based RT in patients with type 2 diabetes, both used dumbbells and/or ankle weights to provide the training stimulus. This type of equipment makes it difficult to perform moderate-to highintensity RT using multijoint, large muscle exercises and may explain why these studies reported that home-based training was insufficient to further increase strength or maintain improvements in A1C following a period of supervised laboratory-based RT. In this study, the use of multigym equipment with early supervision to ensure optimal exercise prescription resulted in significant improvements in both upper and lower body strength across the 16-week intervention. The magnitude of the increase in strength is congruent with previous studies that performed supervised RT in the laboratory setting 1, 10, 23 and shows that with the appropriate equipment and supervision, patients can achieve similar benefits at home. Home-based resistance training RC Plotnikoff et al
We observed no significant change in A1C levels in the intervention group, a finding which is in contrast to some previous studies 2, 11 but not all. 24, 25 In Canadian primary care centers, the median A1C level is about 7%, 26 comparable to that in our study population. We might have found more favorable results among subjects with poorer control of their diabetes. In other words, the lack of an effect of RT on glycemic control could be a possible ceiling effect, where patients in the RT group already had well-controlled diabetes with a mean baseline A1C of just 6.9 ± 1.5%. This is supported by Ibañez et al., 25 who showed that 16 weeks of moderate-to high-intensity RT decreased intraabdominal fat by 11.2% and increased insulin sensitivity by 46.3% without any changes in A1C from baseline values of 6.2 ± 0.9%. Moreover, in a larger trial, neither RT alone nor aerobic training alone reduced A1C in subjects with baseline A1C below 7.5%; only combined aerobic and resistance exercise training did so. 2 Another potential reason for the lack of improvement in A1C in our study could be related to the limited increase in lean body mass with RT. Previous studies 21, 27 have shown a significant inverse relationship between increases in muscle mass with RT and the reductions in both A1C and fasting glucose. The lack of an increase in muscle mass in this study is puzzling as the exercise prescription was designed to stimulate muscle hypertrophy. However, the large percentage of women in this study (who may have a less than optimal hormonal milieu for increasing muscle mass) and the lower adherence to RT in our study compared with laboratory-based studies may in part explain this finding. In a published review of the literature, numerous studies have found changes in muscle mass in studies of 16 weeks or lesser duration. 1 In terms of our secondary outcomes, fasting insulin decreased in the intervention group, which is consistent with other research findings. 27, 28 HDL cholesterol level in our RT group did not change, whereas HDL level decreased in the control group. One study that combined long-term aerobic and RT in individuals with type 2 diabetes reported an increase in HDL, 29 whereas most RT trials have shown no changes in HDL profiles. 1 When comparing our results with other studies reported in a recent review of RT and the type 2 diabetes population, 1 our findings of no changes in LDL cholesterol or triglyceride levels are generally consistent with the literature. We found no improvements in blood pressure and fasting glucose, although some studies have reported a lowering of these values following an RT intervention in this population. 1, 29 Further, some research on individuals with type 2 diabetes has shown favorable changes in body composition in response to RT interventions; 3 however our study results did not support these findings.
In terms of our social-cognitive outcomes, it has been suggested that weight training is under less volitional control than aerobic exercise, due to the increased equipment and necessary training. 30 Self-efficacy is an important construct in many health behavioral theories and is thought to influence directly the likelihood that one will or will not perform a given health behavior. 31 In this study, scheduling self-efficacy scores were higher in the intervention group compared the control group by study end. Further, the sensitivity analysis showed increased task as well as barrier self-efficacy scores for those who completed at least twothirds of the sessions. Our analysis that compared individuals in the intervention group who completed at least two-thirds of the sessions (versus those who did not) further indicated that the intervention had a positive effect of influencing individuals' self-efficacy scores. The intervention also revealed significant increases with large to moderate effect sizes (in comparison to the control group) for the intention to perform RT. That is, individuals in our main and sensitivity analyses were more likely to plan on RT after the intervention even if something kept them from training, and were more likely to plan on RT in challenging situations. This result was also observed within the intervention group with those who performed at least two-thirds of the sessions, having higher intentions at the end of the study than those who completed less than two-thirds of the sessions. It is acknowledged however, a 'Hawthorne effect' on the psychological variables from simply being in an intervention cannot be ruled out. 32 The above findings are noteworthy and suggest that the individual-based instruction provided knowledge, encouragement and skills to participants enabling them to exercise privately at their convenience, and may have reduced many potential perceived fears and barriers of performing RT. This is important, as performing RT without initial instruction can be daunting to inexperienced individuals, and few may Home-based resistance training RC Plotnikoff et al be likely to adopt this behavior without supervision. 1 Indeed, it may not be safe to begin RT without instruction on how to conduct exercises properly. The social-cognitive improvements reported in our study may imply that some individuals may commence this behavior in community or clinical-based fitness facilities as a result of the confidence gained by performing this behavior in the privacy of their own homes.
Further, the per-protocol analyses on the social-cognitive measures suggest individuals who completed more RT sessions may be more likely to maintain their RT programs in the longer term (unfortunately, this study was unable to collect follow-up data).
We did not observe significant changes in the HRQOL Physical and Mental composite scales, however these scores were relatively high at baseline (that is, within one s.d. of the HRQOL scores for the general adult population in our province 33 ). Our study was found to be feasible as recruitment was good, retention of the intervention participants was high and there were relatively limited adverse effects from RT. Further, our study adherence was good (although not optimal), and was comparable to the adherence of studies conducted by Dunstan and co-workers 10, 11 (reporting mean adherence rates of 68.1 ± 25, 67.1 ± 27 and 72.6%). Moreover, and of note, our study (which provided supervision and good quality equipment) achieved positive results in 4 months compared with 6 and 12 months in the Dunstan studies with a similar levels of adherence. Post-test qualitative comments from the intervention group (not detailed in this article) were positive indicating satisfaction with the program. Moreover, at the end of the study, participants in the intervention group were offered to purchase the homegym equipment at 50% of the retail price. All the machines were purchased by the participants, providing further validation regarding the satisfaction with the equipment. Further, the total cost per subject of purchasing the equipment and delivering the supervised home-based exercise intervention was less than US$2000 per subject, representing a relatively small proportion of the average annual health-care costs of a person with type 2 diabetes. This home-based RT program could be an important first step for RT-inactive, obese individuals who may be unwilling to attend a fitness center-based program. These novel findings are important as they not only support the known benefits of RT for this population, but also identify a possible way to implement RT at the individual level. Further, the findings are noteworthy when considering research to date has not investigated the effects of RT on social-cognitions in obese individuals with type 2 diabetes. If individuals with diabetes can obtain the skills necessary to perform activities safely on their own, this type of intervention has the capacity to create sustainable behavior change. Further, such home-based, partially supervised programs could potentially include the wider self-management regimen for type 2 diabetes (for example, nutrition counseling, foot care and medication adherence). In conclusion, this study found that home-based RT with high-quality RT equipment and supervision is effective for improving strength in obese people with type 2 diabetes and has a positive effect on insulin, HDL cholesterol, and RT-related social-cognitions.
We do not suggest that this multicomponent, home-based program should replace traditional gym programs (which for some, may be less expensive and provide a social environment for exercise); it should instead be considered as another potential and/or incremental strategy for 'hard to reach' obese individuals with type 2 diabetes. Further research of this multicomponent home-based program is also suggested, which includes a longer-term follow-up; its feasibility in the real-world setting; a cost-effectiveness evaluation and an efficacy trial directly comparing this program against clinical and community-based fitness settings. It will be worthwhile to examine this population's levels of interest and capacity (equipment price and home space logistics), along with the feasibility and costbenefits of delivering this program by the health sector.
